Background: The advent of new HCV drugs has generated widespread economic concerns, particularly within the Italian setting, characterized by continuous linear cuts and spending review actions. The overall trade-off between investments and savings needs an in depth analysis. Aims: The study aimed to estimate the budget impact of the introduction of the novel drugs approved during the year 2015, compared with the historical situation based on the different treatment options available prior to 2015. Methods: A three-year budget impact model was developed, taking into consideration the Lombardy Region (Northern Italy) Health Service perspective. The degree of liver fibrosis, genotypes, presence of only HCV or HIV/HCV co-infections, presence or absence of sustained virological response, and direct healthcare total costs were the variables of the model. Results: With the introduction of the novel regimens, a higher number of HCV patients achieved a sustained virological response (+20%). Further analysis showed that an investment in innovative technologies would have given the Regional System significant economic savings within the 36-month period (−6.64%/−7.15%). Conclusions: Treating HCV-infected persons in the Lombardy Region with the new drugs would reduce healthcare expenditure on this specific disease, in each forecast implemented, thus reducing the economic burden of the pathology.
Introduction
Hepatitis C virus (HCV) infection represents a major global public health problem, affecting approximately 160 million people worldwide [1] . Literature estimated that, in Italy, 2 million people have the infection. However, the actual burden of HCV may be underestimated due to the high number of undiagnosed infected subjects, often with latent disease, but at a significant stage [2] .
Italian evidence now available [3, 4] , concerning the epidemiology and the prevalence of HCV, is inconsistent with reference to the administration of anti-HCV medications, as reported in real life
The standard of care, up to 2011, was "dual therapy" that used Pegylated Interferon and Ribavirin. The approval, in 2011, of the first generation of direct-acting anti-virals (DAAs), such as Boceprevir and Telaprevir, increased the effectiveness of previous treatments. However, in recent years (2014) (2015) , the landscape of anti-HCV medications has rapidly evolved, with several more effective alternative technologies introduced in the market, worldwide. While these treatments increased the rate of sustained virologic response (SVR), many patients were still unable to tolerate therapies with Pegylated Interferon [5, 6] . If the significant increase of eligible patients were considered, the economic and budgetary implications would generate widespread concerns.
In 2015, with the Italian approval of novel combinations of DAAs, several expensive Interferon-free treatment options were made available: (i) Sofosbuvir/Ledipasvir; (ii) Daclatasvir + Sofosbuvir and (iii) Ombitasvir + Paritaprevir/Ritonavir + Dasabuvir, all assumed either alone or in association with Ribavirine.
An in-depth evaluation of the economic resources is therefore required for the proper and adequate treatment of HCV and HCV/HIV infected patients, in order to fill a literature gap.
To the best of the authors' knowledge, the present study is the first attempt to fully evaluate the budget impact of the above mentioned novel therapies, taking into consideration the Lombardy Region (Northern Italy) Health Service point of view, thus paving the way to allow planning for regional resources as providers and patients face a new context for HCV treatment decision-making.
Materials and methods
The study's objective was achieved using a budget impact analysis (BIA) approach, whose main purpose is to estimate and predict economic and financial consequences referring to the adoption and diffusion of new technologies into a healthcare system with finite resources [7] .
The model was developed from the Lombardy Region Health Service perspective and represented the healthcare expenditure evolution over three years.
Two different comparative scenarios were simulated: the administration of the three interferon-free drugs approved during the year 2015 (innovative scenario) vs the historical situation of pharmacological alternatives consumption, considering both Interferon-free and Interferon-based strategies, representative of all treatments available prior to May 2015.
In accordance with this, (i) Sofosbuvir/Ledipasvir ± Ribavirine; (ii) Daclatasvir + Sofosbuvir ± Ribavirine and (iii) Ombitasvir + Paritaprevir/Ritonavir + Dasabuvir ± Ribavirine were included in the innovative scenario. Otherwise, (iv) Simeprevir + Sofosbuvir ± Ribavirine, (v) Simeprevir + Pegylated Interferon + Ribavirine, (vi) Sofosbuvir + Ribavirine, (vii) Sofosbuvir + Pegylated Interferon + Ribavirine, (viii) Pegylated Interferon + Ribavirine and (ix) PI old generation + Pegylated Interferon + Ribavirine, were part of the baseline/historical scenario.
To build up the model, four phases were developed: 1. Input variables of the model. All Lombardy Region subjects eligible to the treatments, entering the BIA, were defined and the related distribution was estimated considering (a) Metavir Score, determining the severity of the disease, (b) genotypes, (c) only HCV infection or HCV/HIV co-infection, and (d) previous medical history (naïve and treatment experienced patients), on the basis of literature, regional [8] and real-life data collected from two Infectious Disease Centres of Lombardy Region, involved in the analysis: "Ospedale di Circolo" of Busto Arsizio and "Luigi Sacco" of Milan Hospital Health Authorities (HHAs).
Since no clear consensus exists with reference to the number of HCV patients taken in charge in Lombardy Region, two different populations were hypothesized to be entered in the model, within the first year: (i) population related to the regional spending cap [9] , and (ii) population related to the organizational and productive cap (starting from the Regional Decree 7826, 2015). These two assumptions were based on the declarations from the HHAs, taking into consideration only patients suffering from more severe stages of the disease (F3-F4), for whom the reimbursement indication was available, and estimating the F0-F2 population, potentially eligible to novel treatment, but assuming standard therapies.
The first hypothesis considered 13,658 infected patients of which 5395 were F3-F4 patients, for whom the Lombardy Region budget limitation was widely verified. In the second hypothesis, 31,722 HCV and HCV/HIV patients were considered, of which 12,530 subjects suffered from a severe stage of pathology (37,589 F3-F4 patients divided into three years of treatment due to capacity limit), this being consistent with the capacity of the Lombardy Region HHAs in terms of number of patients that could be treated per year.
The HCV prevalence rate was 2.45% [10] , applied to verify the forecasts and hypotheses. The incidence of the disease was 0.016% per year [11] , useful to enter new patients in the second and third year. Other relevant data used for the population progression, within the 24 and 36 months of analysis, were the number of deceased patients due to HCV-related causes (0.23%) and others due to hepatocellular carcinoma-HCC and decompensated cirrhosis-DCC (1.45% [12, 13] ), focusing on the fact that HCV is known to have an accelerated course in more than 30% of cases [6] . Furthermore, the model assumed that 30% of HIV infected patients had a concomitant HCV infection, on the basis of literature evidence [14, 15] and in accordance with declarations from the HHAs involved.
The information regarding both the genotypes and the level of liver disease was retrieved by the Regional Decree 7826, and the related survey of November 2014. It was estimated that genotype 1 was the most common (60%), followed by genotypes 2 and 3 (15%). Patients affected by genotype 4 were less than 8%. These data were perfectly consistent with the most recent literature evidence [10, 16] .
With regard to the degree of liver fibrosis, the following rates were assumed (starting from the Regional Decree 7826 and validated with expert opinion): 28.50% (F0-F1), 32.00% (F2), 18.10% (F3) and 21.40% (F4). F4 patients were distinguished as follows [17] : 62.4% (Child-Pugh class A), 23.8% (Child-Pugh class B) and 13.8% (Child-Pugh class C).
The efficacy data was the sustained virological response, defined as the absence of detectable HCV RNA in the serum six months after the completion of treatment [18, 19] . This information, together with the adverse events' incidence rates, was retrieved from the most recent clinical trials related to the different therapeutic regimens under assessment, as presented in Table 1. 2. Budget impact model design. The BIA design was dependent on: (i) the development of the population entering the model (point 1); (ii) the economic evaluation related to the patients pathways (point 3); and (iii) the scenarios compared in the assessment (point 4) (Fig. 1) .
Patients could enter the model in one of the 138 possible health states, defined on the basis of: (i) genotype (1a, 1b, 2, 3, or 4), (ii) degree of liver fibrosis (F0, F1, F2, F3 or F4), (iii) previous clinical history, (iv) presence or absence of SVR (SVR vs NO SVR) at the end of the anti-HCV treatment, and related to the efficacy data, (v) presence of HCV infection or HCV/HIV co-infection. According to this, four different populations were assumed.
F2 individuals could develop DCC, HCC, receive a liver transplant, or die as a result of a liver-related cause: the higher the Metavir Score, or the Child-Pugh, the higher the probability that there will occur a disease progression and death. The evolution of the population at different stages of pathology decreased the number of patients in the model: at the end of each year of analysis, patients could either exit or enter the model (on the basis of the death and HCV prevalence rate). Patients who successfully moved to SVR health state remained in the model for the whole time-period (after achieving SVR, their annual economic value was composed of their monitoring only). On the other hand, patients not achieving SVR could remain in absence of cultural control, with a higher risk of disease progression, or move to SVR population, in the second or third cycle (with a lower economic resources absorption). Both SVR and NO SVR patients could present the same incidence of adverse events, aspect totally related to the treatment regimen. 3. Economic evaluation. In order to conduct a complete BIA, the economic evaluation of the above mentioned different categories of patients (point 1), considering their whole clinical and diagnostic HCV pathway, was composed of the following aspects: i) Annual costs of HCV treatment, considering (a) different stages of disease, (b) presence or absence of co-infection, and (c) achievement of SVR, on the basis of the HCV Lombardy Region data [8] and standard clinical pathways carried out in the two HHAs involved (March-October 2015), with final approval from the clinicians of reference in accordance with the Delphi method [47] . The total amount of hematologic and cultural exams, diagnostic and surgical procedures, outpatients and medical examinations and hospital admissions were the investigated variables. ii) Cost of drugs during treatment that varied between 8 and 48 weeks, in accordance with liver fibrosis, HCV genotype, presence of HCV/HIV co-infection and pharmacological treatment scheme. iii) Cost of side effects management (in terms of laboratory exams, diagnostic and surgical procedures, medical examinations and hospital admissions), depending on the incidence and therapeutic strategy administered.
The presented three items of expenditure considered a time-horizon of 12, 24 and 36 months and were evaluated in accordance with the 2015 Lombardy Region outpatients and hospital admissions Reimbursement Tariffs. Drug costs derived from the officially published NHS price list, and considering the Regional Decree 7826. 4 . Scenario and sensitivity analysis. In addition to the above mentioned population hypotheses, four different scenarios were simulated: (i) 95,162 infected patients could enter the model [8] ; (ii) the whole Lombardy Region population (158,457 patients) could be eligible to HCV anti-viral treatment [8] ; (iii) non-responder patients included in the baseline scenario could receive innovative therapies; and (iv) the novel regimens could be administered to all the patients, independently from their level of liver fibrosis (application of a 0% market share to Interferon-based therapies).
After the implementation of the BIA and the scenario analysis, a sensitivity analysis was carried out by changing time-sensible parameters (efficacy rates and drugs' prices). In order to account for lower SVR rates in practice vs clinical trials as conducted by Chhatwal and colleagues [48] , a decrement of 2% and 5% was applied to each regimen. A decrease and an increase (±10%) in the drugs' market prices were applied, both in the historical and in the innovative scenario, in order to investigate if significant changes in the BIA occurred.
Results

Economic evaluation of the HCV patient clinical pathway
The economic evaluation of the HCV patient clinical pathway considered: (i) HCV diagnosis and follow-up, (ii) drugs cost, and (iii) the anti-viral monitoring and side-effect costs. i) Table 2 shows the economic value related to the management of a standard HCV and HCV/HIV patient, stratified by level of liver fibrosis: the more severe the pathology, the more significant the amount of economic resources absorbed for the management of the patient. The baseline value referred to the introduction of the patient into the taking in charge process, that requires hematologic and cultural exams useful to investigate the absence or the presence of HCV infection. SVR and NO SVR costs are related to the follow-up of a patient who reaches, or does not reach, the virological control.
The difference between mono-infection and co-infection is due to the fact that an HCV/HIV patient requires more frequent controls both for HCV and HIV, since HIV is a leading cause of HCV rapid evolution.
ii) The drugs' costs presented in Table 3 are related to a single week of treatment. The complete therapy's administration was calculated, distinguished by level of disease progression. iii) Patients receiving the anti-HCV therapy should be monitored during the administration of the treatment, undergoing specific procedures and exams regarding the investigation of the strategy's efficacy and the possible development of drug-related adverse events. The differences presented in Table 3 could be explained by the different number of exams, in particular with regard to the use of Ribavirine and Sofosbuvir that required more frequent controls of blood count and creatinine.
In the real life setting, regional payers could take advantages from price-volume discounts concerning Ledipasvir/Sofosbuvir, Sofosbuvir, Ombitasvir + Paritaprevir/Ritonavir and Dasabuvir; in the model, this discount rate was applied on the basis of the overall treated population entering the BIA cycles, and the use of the previously mentioned drugs. 
Results from the budget impact analysis
The BIA was conducted with two different hypotheses' populations, for whom the same trend could be found, considering the decreasing of both the populations who could not reach the virological control and the overall economic resources needed for the entire management of the disease. With the introduction of the novel regimens, more effective than those available prior to May 2015, the progression of the disease could be stopped in a higher number of HCV and HCV/HIV patients.
Considering the first hypothesis of real-data drugs consumption, 13,658 patients entered the model in the first year, and 14, 195 individuals were treated at the end of 36 months. In comparison with the baseline scenario, the innovative scenario reported an increase in +20.16% of the patients' virological control (equal to 1213 patients), over three years. The same trend was found in the second hypothesis, in which 31,722 patients were included in the model: a higher level of virological control was registered and 2815 patients (+20.15%), who in the baseline scenario were classified as "NO SVR" patients, became SVR. The introduction of the innovative technologies would, therefore, give the Health Service a significant economic saving, equal to −6.64% or −7.15% depending on the number of treated patients. The initial investment in innovative therapies could be covered in 24 months, generating relevant benefits for the Regional Service that could be consolidated in time. With the inclusion in the model of the 31,722 HCV and HCV/HIV patients, Lombardy Region would achieve an economic advantage, considering an overall baseline cost equal to D 1,018,536,284.93 and an innovative scenario resources absorption of D 945,753,874.12, over three years. Although the increase of the population to be treated would raise the HCV health budget at an investment equal to twice the resources made available by the Italian Ministry of Health, the situation would generate economic savings exactly twice as much with respect to the previous forecast.
While hypothesis 1 shows in the first year an immediate economic saving, hypothesis 2 shows an incremental, but moderate resources absorption of 1.71%; however, this is amply rewarded in the second cycle of the model. The two apparently different results in a short time-horizon clearly suggest the importance of monitoring the number of patients enrolled and treated, in order to maximize and optimize the discount policies, thus achieving the greatest benefit for the NHS.
Furthermore, six scenario analyses were performed, concerning the increase of HCV patients potentially eligible to treatment. The first scenario, based on the survey mentioned in the Decree 7826, recorded 37,589 patients with positive HCV-RNA, treated by the Lombardy Region HHAs. Moving on from this data (considering only F3 and F4 patients), the overall number of HCV infected patients was estimated to be 95,162. The second scenario analysis considered all the Lombardy Region HCV infected patients, on the basis of the HCV prevalence rate, resulting in a starting population entering the model of 158,457 patients. Hence, the introduction of the novel therapeutic regimens showed a significant increase of HCV patients who achieved the SVR (+20.15%), and a substantial economic saving of −15.93% in both cases ( Table 4) .
The results highlighted in the BIA did not vary significantly even if, in the baseline scenario, non-responder patients were treated with the innovative regimens in the second and in the third cycle (scenarios 3 and 4). The innovative scenario always represents the preferable "standard of care", decreasing the number of NO SVR patients by −16.95% and providing the regional health Service with an economic advantage reducing the amount of resources required for the treatment of all the eligible patients, considering a range variable from −3.59% (N = 31,722) to −5.04% (N = 13,658) .
Moreover, if the innovative drugs were available for the treatment of all the patients (including F0-F2 individuals), with the consequent avoidance of Interferon-based combinations (scenarios 5 and 6), the related benefits would be significantly higher and would not present a difference in the case of 13,658 or 31,722 individuals treated. Over the three-year period, there emerged an important reduction of patients who did not achieve a sustained virological control (−62.84%), with an economic saving of −23.12%.
Sensitivity analysis
All results deriving from the sensitivity analysis show the robustness of the proposed BIA. Even with a decrease in all the treatments' efficacy rates (from −2% to −5%) Lombardy Region would achieve an economic saving of −6.60% and a consequent increase of responder patients (+18%), in the treatment of 13,658 or 31,722 infected individuals.
If the price of the drugs (excluding VAT −10%) were included in the model, the innovative regimens would result in an economic advantage variable from −6.78% (N = 13,658) to −7.31% (N = 31,722) over three years. By applying an increase of +10% to all the therapeutic strategies, the novel drugs would give cost reductions of −6.46% and −7.04%, with reference to the two different investigated populations respectively (Table 5 ).
Discussion
This model provides clinicians and policy makers with a rational method to allocate HCV patients to the correct alternatives, with a consistent economic forecast, in a general context of limited economic resources and dynamic changing options for HCV treatment.
The results showed that treating eligible HCV-infected F3-F4 persons in Lombardy Region with the new drugs would decrease the related healthcare expenditure, thus reducing the economic burden of the pathology, disinvesting resources for the implementation of new technologies and/or guaranteeing the best treatment for a greater number of patients.
Therefore, the population potentially eligible for treatment has emerged as the main factor leading to a significant change in the overall HCV healthcare expenditure: the higher number of patients treated, the higher the possibility to take advantage from the innovative therapies' discount rate.
Indeed, the treatment of all the F0-F4 patients with the novel regimens would generate greater savings for the NHS, if compared with the historical situation. If the economic resources (first year) needed for the treatment of 13,658 patients (hypothesis 1) are compared with the overall HCV expenditure required for the treatment of the regional eligible population (scenarios 1 and 2), it emerges that the time for the return on investment is around three years. Such a result is impressive, but partial: the investment required for adapting the hospitals organizational capacity should be considered for a complete evaluation.
In addition, the model could be easily adapted with the inclusion of the entire Italian HCV population suffering from the disease. In particular, literature evidence [49] declared that, in the national setting, the estimated number of F3-F4 patients is about 187,756 (referring to the entire year 2015). Moving on from this information, the overall number of HCV infected Italian patients potentially eligible to treatment is equal to 475,332: in particular, 135,470 were F0-F1, 152,106 were F2, 86,035 were F3 and 101,721 were F4. Considering the drugs' reimbursement indications (year 2015), the treatment of Italian HCV patients would lead the NHS to a significant economic saving (−15.93%), thus also increasing the effectiveness of the treatment strategies (−20.14% of NO SVR patients) within 36 months. This consideration is further strengthened if all the individuals (F0-F4) were treated with the innovative regimens, avoiding interferon-free therapies: given an increase of SVR patients (+10.57%), HCV Italian healthcare expenditure would present a reduction of −37.48%.
Despite the relevance of the results, the model has several limitations.
First, the SVR rates were retrieved from the clinical trials available for each strategy, targeting different patient cohorts, as the analysis was not based on an observational study. Second, within the national setting, there has been a lack of recent information related to both the prevalence/incidence of HCV infection, and the real patients distribution concerning the genotypes and the levels of liver fibrosis, that could contribute to a better control and appropriate care of infected individuals.
In conclusion, the model did not consider long-term benefits derived from the novel drugs' administration, leading to a reduction in the number of HCV-related deaths and of HCC or liver transplant occurrence [50] .
Therefore, it could be an interesting topic for future research to study the update of the results, with the inclusion and the investigation of other different costs, impacting on the overall HCV healthcare expenditure as well as taking into consideration the number of Italian HCV patients treated in 2016 (representing precisely the first year, after the new DAAs approval).
